Objectives. To determine whether periodontal disease or bacterial vaginosis (BV) diagnosed before pregnancy increase the risk for adverse pregnancy outcome. Methods. We enrolled a total of 252 women who had discontinued contraception in order to become pregnant. The first 130 pregnant women were included in the analyses. Results. Multivariate analysis showed a strong association between periodontal disease and adverse pregnancy outcome (OR 5.5, 95% confidence interval 1.4-21.2; p = 0.014), and a borderline association between BV and adverse pregnancy outcome (OR 3.2, 95% confidence interval 0.9-10.7; p = 0.061). Conclusion. Our study suggests that pre-pregnancy counseling should include both oral and vaginal examinations to rule out periodontal disease and BV. This may ultimately have an impact on antenatal healthcare, and decrease the risk for adverse pregnancy outcome.
Introduction
Known risk factors for preterm delivery include previous preterm birth, multiple births, low socioeconomic status, low education, low maternal weight, smoking, alcohol consumption [1, 2] , and specific genitourinary tract infections [3] . However, attempts to reduce the rate of preterm delivery based on risk scoring systems have largely failed [4] . Often the cause of preterm delivery remains unknown.
Maternal infections, such as periodontitis and bacterial vaginosis (BV) have been linked to an increased risk for adverse pregnancy outcome. BV has been consistently associated both with miscarriage and preterm delivery [5, 6] . However, intervention trials on treatment of BV during pregnancy have largely failed to reduce the rates of preterm birth [7, 8] or only marginally reduced the rates [9, 10] . Recent studies have demonstrated that maternal periodontal disease diagnosed during pregnancy also increases the risk for low birth weight and prematurity [11] [12] [13] [14] [15] [16] even though contradictory results have also been reported [17] . Furthermore, periodontal therapy may reduce the risk for adverse pregnancy outcome [18, 19] . These observations are not unexpected since both BV and periodontal disease are associated with high bacterial burden and increase of pro-inflammatory cytokines and other mediators of inflammation [19, 20] . We conducted a prospective study among women planning pregnancy to clarify whether periodontal disease or BV diagnosed before pregnancy increase the risk for adverse pregnancy outcome. The medical history was systematically collected. Oral and gynecological examinations were performed before pregnancy. The investigator (J.O.) performing oral examinations was blinded to the results obtained by gynecological examinations. Oral examination included recording the presence of caries lesions extending to dentin, and the presence of periodontal disease (periodontal pocket depth, gingival bleeding on probing, probing attachment loss at six sites per tooth). Periodontal disease was diagnosed when at least one approximal periodontal pocket was 54 mm and attachment loss 51 mm.
Gynecological speculum examination was performed before pregnancy and again during the first trimester (between 6 and 8 weeks of gestation), and twice during the third trimester (between 28 and 32 weeks of gestation). A vaginal swab was taken and Gram-stained for the diagnosis of BV [7] . The diagnosis of BV was based on validated Nugent's criteria [21] . Miscarriage was defined as pregnancy loss before 22 weeks of gestation. Preterm delivery was defined as birth before 37 weeks of gestation.
The statistical significance of differences in frequency distributions between groups was tested by the Chi-square test and the Fisher's exact test; means of continuous variables by the Mann-Whitney U-test. Logarithmic transformation was used for skewed data. Univariate analyses and multivariate logistic regression analyses were performed. A p-value less than 0.05 was considered significant.
Results
The 130 women who became pregnant did not differ from the total group of 256 women regarding demographic variables or findings on oral and gynecological examinations. A total of 26 (20%) women had an adverse pregnancy outcome, including 17 women with miscarriage and nine women with preterm birth. The mean gestational age in cases of preterm delivery was 34 weeks (range 30-36 weeks). Women with or without adverse pregnancy outcome did not differ by age, socioeconomic status, smoking, or general health problems (data not shown). Periodontal disease (defined as at least one inflamed periodontal pocket 54 mm with periodontal attachment loss 51 mm) was found in 15 (12%) women. BV was found in 21 (16%) women. By univariate analyses, periodontal disease ( p = 0.012) and BV ( p = 0.014) were the only variables significantly associated with adverse pregnancy outcome (data not shown). Multivariate analyses showed that periodontal disease was significantly associated with adverse pregnancy outcome (OR 5.5, 95% CI 1.4-21.2, p = 0.014) ( Table I) . BV showed a borderline association with adverse pregnancy outcome (OR 3.2, 95% CI 0.9-10.7, p = 0.061). Of the five women with both periodontal disease and BV, three developed adverse pregnancy outcome (OR 13.1, 95% CI 1.9-135,1, p = 0.031).
Discussion
We showed that periodontal disease diagnosed prior to pregnancy was an independent predictor of adverse pregnancy outcome. Thus, the results of our prospective study emphasize the role of chronic periodontal disease as a new risk factor for adverse pregnancy outcome. Previous studies have also suggested an association between periodontal disease and preterm delivery [11] [12] [13] [14] [15] [16] , as well as demonstrating a reduced rate of preterm birth after periodontal therapy [11, 12] . Many earlier studies have shown a strong link between BV and miscarriage or preterm birth [18, 19] .
The mechanisms by which periodontal disease may cause pregnancy loss or preterm birth remain speculative. Increased bacterial burden or qualitative change of the microbial flora in inflamed periodontal pockets may lead to hematogenous spread of microorganisms, their components, or proinflammatory mediators [19] . In some women this may then cause decidual infection or inflammation leading to adverse pregnancy outcome.
BV is known to cause subclinical endometritis or deciduitis with ascension of virulent BV-associated pathogens to the upper genital tract [3] . In this study, BV was also associated with adverse pregnancy outcome by univariate analyses. However, the most striking finding was that by multivariate analyses this association was only of borderline significance.
The strength of our study was that it was prospective. None of the previous case-control or cohort studies of the risk factors or risk markers for preterm birth have simultaneously analysed the role of periodontal disease and BV.
Our preliminary data suggest that BV may further increase the risk for adverse pregnancy outcome among women with periodontal disease. Thus, periodontal disease and BV may have additive effects. However, the total number of true endpoints in our study is still relatively low.
One of the key questions clearly is to sort out the link between periodontal disease and BV. Preliminary data from our study suggest that BV and periodontal disease are interrelated [22] . Women with BV may be more likely to practice receptive oral sex which may in turn predispose them to periodontal disease. Alternatively, male partners with periodontal disease may predispose women to BV or periodontal disease, or both [23] . Larger studies are needed to explore this.
In Finland, routine dental examination has been recommended to all pregnant women, although not all women seek dental care. Our results, if confirmed, would suggest that pre-pregnancy counseling should include both oral and vaginal examinations to rule out periodontal disease and BV. This may ultimately have a major impact on antenatal healthcare, and may be a new intervention to decrease the risk for unexplained or idiopathic adverse pregnancy outcome. Social class divided into two categories according to the woman's profession (Low = non-skilled laborer or skilled laborer; High = non-academic white-collar or academic profession). 
